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ABSTRACT 
 
Four areas in Texas have been designated 
by the United States Environmental Protection 
Agency (EPA) as non-attainment areas because 
ozone levels exceed the National Ambient Air 
Quality Standard (NAAQS) maximum allowable 
limits. These areas face severe sanctions if 
attainment is not reached by 2007. Four 
additional areas in the state are also approaching 
national ozone limits (i.e., affected areas).  
In 2001, the Texas State Legislature 
formulated and passed the Texas Emissions 
Reduction Plan (TERP), to reduce ozone levels 
by encouraging the reduction of emissions of 
NOx by sources that are currently not regulated 
by the state.  An important part of this legislation 
is the State’s energy efficiency program, which 
includes reductions in energy use and demand 
that are associated with the adoption of the 2001 
IECC, which represents one of the first times 
that the EPA is considering emissions reductions 
credits from energy conservation – an important 
new development for building efficiency 
professionals, since this could pave the way for 
documented procedures for financial 
reimbursement for building energy conservation 
from the state’s emissions reductions funding.  
This paper provides a detailed discussion of 
the procedures that have been used to calculate 
the electricity savings and NOx reductions from 
residential construction in non-attainment and 
affected counties using the eGRID database. The 
previous paper by Haberl et al. (2004) presents 
results from the application of  the methodology 
that is detailed in this paper. 
 
BACKGROUND 
 
In 2001, the Texas State Legislature 
formulated and passed Senate Bill 5 to further 
reduce ozone levels by encouraging the 
reduction of emissions of NOx by sources that 
are currently not regulated by the TNRCC, 
including area sources (e.g., residential 
emissions), on-road mobile sources (e.g., all 
types of motor vehicles), and non-road mobile 
sources (e.g., aircraft, locomotives, etc.)1. An 
important part of this legislation is the evaluation 
of the State’s new energy efficiency programs, 
which includes reductions in energy use and 
demand that are associated with specific utility-
based energy conservation measures, and 
implementation of the International Energy 
Conservation Code (IECC 2001). In 2001 thirty-
eight counties in Texas were designated by the 
EPA as either non-attainment or affected areas2. 
In 2003, three additional counties were classified 
as affected counties3, bringing the total to forty-
one counties (sixteen non-attainment and twenty-
five affected counties). This paper provides a 
detailed discussion of the procedures that have 
been used to calculate the electricity savings and 
NOx reductions from residential construction in 
non-attainment and affected counties. The results 
from the application of the methodology 
described in this paper were presented in Haberl 
et al. (2004). 
 
METHODOLOGY 
 
In order to calculate the statewide NOx 
emissions from the implementation of the 2000 
IECC to residential construction a series of 
methodologies were developed for calculating 
the annual and peak-day energy use (electricity 
and natural gas consumption) for buildings built 
to representative pre-code construction and 
comparing these to code-compliant construction 
for prototypical buildings that represent average 
construction practices in each county. These 
savings were then assigned to specific counties 
                                                 
1 In the 2003 Texas State legislative session, the emissions 
reductions legislation in Senate Bill 5 was modified by House 
bill 3235, and House bill 1365. In general, this new 
legislation strengthens the previous legislation, and did not 
reduce the stringency of the building code or the reporting of 
the emissions reductions.  
2 The sixteen counties designated as non-attainment counties 
include: Brazoria, Chambers, Collin, Dallas, Denton, El Paso, 
Fort Bend, Hardin, Harris, Jefferson, Galveston, Liberty, 
Montgomery, Orange, Tarrant, and Waller counties. The 
twenty-two counties designated as affected counties include: 
Bastrop, Bexar, Caldwell, Comal, Ellis, Gregg, Guadalupe, 
Harrison, Hays, Johnson, Kaufman, Nueces, Parker, 
Rockwall, Rusk, San Patricio, Smith, Travis, Upshur, 
Victoria, Williamson, and Wilson County.  
3 These counties are Henderson, Hood and Hunt counties in 
the Dallas – Fort Worth area. 
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in the state and the electricity use traced back to 
the power plants that supplied the electricity use 
using the EPA’s eGRID database4.  
 
 
 
Figure 1: Procedures for the annual and peak-
day energy use calculations for 1999 residence 
and 2000 IECC complaint residences 
 
Calculation of Annual and Peak-day 
Electricity Savings in New Residential 
Construction  Figure 1 shows the overall 
procedure for performing the energy savings 
calculations. In the first step, the building 
characteristics for the pre-code (i.e., 1999) and 
the code-compliant house were identified. The 
characteristics of the 1999 house were collected 
using the baseline construction data from the 
annual survey of the National Association of 
Home Builders (NAHB 2000). These 1999 data 
were assumed to represent the pre-code 
construction practices for each county. Next, the 
building characteristics for the code-compliant 
house were defined by determining the 
appropriate building envelope characteristics for 
the 2000 IECC compliant new house for a 
particular county. For the 1999 and code-
compliant data, the windows U-value and the 
SHGC were converted to the DOE-2-required 
                                                 
4 E-GRID, Ver. 2, is the EPA’s Emissions and Generation 
Resource Integrated Database  (Version 2). This publicly 
available database can be found at 
www.epa.gov/airmarkets/egrid/.  
glass conductance and the Shading Coefficient 
(SC) values5. The 1999 and code-compliant 
building characteristics were then input 
separately into the standard DOE-2 input file as 
PARAMETERS. Two simulations, one for the 
1999 house and one for the code-compliant 
house were then performed using the DOE-2.1e 
simulation program with the appropriate TMY-2 
weather data assigned to the county.  
From the output files of the DOE-2 
simulations for the 1999 and the code-compliant 
houses, annual electricity, natural gas use, peak-
day electricity use, and natural gas use on the 
peak-day for electricity were identified (Figure 2 
to Figure 5). To calculate annual electricity and 
natural gas savings, DOE-2’s BEPS (Figure 2) 
and BEPU (Figure 3) reports were extracted 
from the DOE-2.1e output files. The BEPS and 
BEPU reports contain the simulated annual 
building energy performance summary. From 
these reports, the total annual energy use (Btu), 
and total annual electricity (kWh) and natural gas 
(therms) use were identified for both the 1999 
and code-compliant houses.  
To calculate the peak-cooling electricity 
and natural gas savings, another procedure was 
required. First, the DOE-2 report LS-A was 
extracted from the output files for the 1999 
house (Figure 4). This LS-A report makes it 
possible to identify the time and date of the peak 
cooling load for the pre-code house. Using the 
same peak day from the report LS-A for the 1999 
pre-code house, the electricity and gas use of the 
pre-code and the code-compliant house for the 
same peak-cooling day were extracted from the 
hourly report (Figure 5). The peak-day electricity 
and gas savings were then calculated by 
comparing the pre-code values against the code-
compliant values for each county using data from  
                                                 
5 The DOE-2 program has several methods for entering 
window properties, including the two digit Window type, 
four digit window type (which calls library files previously 
prepared by the WindowX program, and a method that uses 
the glass conductance, and shading coefficient. Although the 
four digit window entry routine is recognized to yield more 
accurate values for high efficiency windows, it cannot be 
used in a general purpose simulation where only the U-value 
and shading coefficient are known, because the four digit 
method relies on window properties read from library files, 
which were previously created with the WindowX program 
that used characteristics from an actual window, including 
size and shape of the window. 
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Figure 2: DOE-2 BEPS report 
 
 
 
 
Figure 3: DOE-2 BEPU report 
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Figure 4: DOE-2 LS-A report 
 
 
Figure 5: DOE-2 hourly report for one day.
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Table 1:PUCT power suppliers by county (Obtained from PUCT website, http://www.puc.state.tx.us. 
November, 2002) (Part a). 
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Table 2: PUCT power suppliers by county (Obtained from PUCT website, http://www.puc.state.tx.us. 
November, 2002) (Part b). 
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the hourly report6. 
 
 
Figure 6: Annual and peak-day NOx emission 
reductions calculation. 
 
Calculation of NOx Emissions From Code 
Implementation in New Residential Construction 
Using eGRID The next steps in the methodology 
involved multiplying the DOE-2-calculated 
electricity and gas savings (annual and peak day) 
from the comparison of the pre-code to code-
compliant construction times the number of new 
units in each county to obtain the county-wide 
electricity and gas savings (annual and peak day) 
as shown in Figure 6. Next, the county-wide 
electricity savings were then adjusted to account 
for transmissions and distribution losses7 (T&D 
losses). Then, a utility company was assigned to 
each county using the Texas Public Utility 
Commission’s (PUCT) listing of utility 
providers8 (Table 1: and Table 2:).  After this 
step, the 38 counties were grouped according to 
utility (i.e., PCA) as shown in Table 3. This 
                                                 
6 The dates for these peak-cooling days across the 41 
counties are non-coincident, which is assumed to give results 
that are the most consistent with the measured weather data 
for the EPA’s episode days for 1999 (Dallas-Ft. Worth), and 
2000 (Houston, Galveston, Beaumont, Port Author). Use of 
coincident peak across different TMY-2 weather files gives 
lower temperature values. 
7 These T&D losses were assumed to be 20% for the 2003 
calculations. 
8 For the calculations performed for the 2003 Annual report, 
the first utility listed for each county was assumed to be the 
only utility for that county. 
grouping was performed to allow for the total 
utility electricity savings to be input into the 
EPA’s eGRID database.  
For a given region, eGRID produces a 
matrix such as that shown in Table 4, which 
shows the pounds of NOx per MWh produced by 
a specific utility in each county9. In Table 4 the 
counties are listed alphabetically in each row, 
with the utilities listed in each column. The 
bottom row of Table 4 gives the total lbs-
NOx/MWh for each utililty, which represents the 
NOx emissions from all the utility plants that 
serve that utility. Each individual row in Table 4 
gives the lbs-NOx/MWh  produced in each 
county, which includes the emissions from all 
utilities that have plants located in that county. A 
large value in a given cell of a row for a utility 
provider indicates large power generation 
facility.  
 
 
Table 3: Calculation table for energy use by 
PCA 
                                                 
9 The information shown is from the November 2002 edition 
of the eGRID database, provided  by Art Diem at the 
USEPA. 
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 Table 4: EPA’s eGRID table: County-wide NOx reductions in pounds per MWh for EE/RE implemented in 
each listed PCA (Received from USEPA November 2002). 
 
The values in eGRID are assembled for a given 
period of time and represent the measured NOx 
emissions for a given utility divided by the total 
power production for a given plant.   
Before the eGRID database could be used it 
needed to be modified, as shown in Table 5. 
First, the non-attainment and affected counties 
(i.e., rows) that did not contain electric utility 
generation facilities were added to the matrix as 
shown in Table 5. These additions appear as 
rows that have 0.00 lbs-NOx/MWh values since 
they represent counties that did not contain 
power plants for the utilities listed in the 
November 2002 version of eGRID10. After all 38 
                                                 
10 The utilities listed in the 2002 eGRID include: American 
Electric Power (AEP), Austin Energy, Brownsville Public 
Utility Board, Lower Colorado River Authority (LCRA), 
Reliant Energy, San Antonio Public Service, South Texas 
counties had been added to the modified eGRID 
database, each column of eGRID was expanded 
to include a multiplier as shown in Table 5. 
These multipliers were used to calculate the lbs-
NOx/MWh for each MWh saved by the utility, 
which is the row bottom of Table 5. Calculation 
of the annual NOx reductions and peak-day NOx 
reductions by county11 was then accomplished 
by adding across each row, which yields the 
Total NOx reductions shown in the far right 
column of Table 5. The values in this column 
                                                                   
Electric Coop, Texas Municipal Power Pool, Texas-New 
Mexico Power Company, and TXU. 
11 The calculation of annual NOx reductions required the 
input of annual savings of MWh/utility in the bottom row of 
the table. Similarly, the peak-day NOx reductions required 
the input of peak-day savings in MWh/utility in the bottom 
row of the table.  
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were then used to report the NOx reductions for 
each county, such as those shown in Figure 7.  
ESL-HH-04-05-13
Proceedings of the Fourteenth Symposium on Improving Building Systems in Hot and Humid Climates, Richardson, TX, May 17-20, 2004 
 
Table 5: Modified eGRID database for calculating NOx emissions by the 38 non-attainment, and affected 
counties. 
Calculation of Peak Day Electricity Savings 
Calculated From Monthly Utility Billing Data. In 
Section 388.005 of the Texas Emissions 
Reduction Plan (TERP) political subdivisions 
(i.e., city and county governments) are required 
to establish a goal to reduce their electricity 
consumption by 5 percent per year beginning 
January 1st, 2002. Unfortunately, savings were 
then reported to the Texas State Energy 
Conservation Office as kWh/year, which were 
then divided by 365 to obtain average daily NOx 
reductions. For savings associated with cooling-
related loads, this can lead to severe 
undercounting, which has been shown to be as 
much as 100% in residences12.  
                                                 
12 For more information about the 2:1 differences in the peak-
day NOx reductions versus average daily NOx reductions see 
the report by Haberl, J., Culp, C., Yazdani, B., Fitzpatrick, 
T., and Turner, D. 2002. “Texas Senate Bill 5 Legislation for 
Reducing Pollution in Non-attainment and Affected Areas: 
Annual Report”, submitted to the Texas Natural Resources 
Conservation Commission, Energy Systems Laboratory 
Report ESL-TR-02/07-01, Texas A&M University, 116 
pages, (Revised: September). 
To improve the reporting of peak-day NOx 
reductions from utility billing data, a method was 
developed to extract peak-day electricity 
reductions from monthly utility billing data as 
shown in Figure 8 and Table 6. In Figure 8 the 
simulated electricity use is shown for two 
identical single-family residences, with the 
exception that one is built to the NAHB’s pre-
code specifications, and one built to code-
compliant specifications13. In part (a) of  Figure 
8 the simulated monthly electricity use of the 
pre-code house is plotted versus average monthly 
temperature with a three-parameter, weather-
dependent model shown super-imposed over the 
data. This three-parameter model, which was 
calculated with ASHRAE’s Inverse Model 
Toolkit (IMT) (Kissock et al. 2003, Haberl et al.  
                                                 
13 For more information about the pre-code and code-
compliant simulations see the report by Haberl, J., Culp, C., 
Yazdani, B., Fitzpatrick, T., Turner, D. 2003b. “Energy 
Efficiency/Renewable Energy Impact in the Texas Emissions 
Reduction Plan (TERP): Volume 1: Summary Report”, 
Energy Systems Laboratory Report No. ESL-TR-05/03/12-
03, Texas A&M University (December).  
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 Peak-day NOx Emissions Reductions
(Single and Multifamily Houses) 
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Figure 7: 2003 peak eay NOx reductions from electricity and natural gas savings due to the 2000 IECC for 
single-family and multi-family residences by county. 
 
2003), is used to predict the house’s peak-day 
electricity savings using the model’s daily 
coefficients (shown directly below the plot) 
times the peak daily temperature.  In part (b) of  
Figure 8 the simulated monthly electricity use of 
the code-compliant house is plotted versus 
average monthly temperature with a three-
parameter, weather-dependent model shown 
super-imposed over the data.  
Table 6 contains a comparison of the peak-
daily electricity use extracted using the described 
method versus the actual peak-daily electricity 
from the DOE-2 simulation of the pre-code and 
code-compliant house. According to the 
simulation, the peak day on the TMY-2 Houston 
weather file was July 29th, which had an average 
temperature of 85.2 F. On this day the DOE-2 
simulation calculated an electricity use of 65.74  
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Peak Day 
(DOE-2 
LS-A 
Report) 
Daily 
Temperature 
for the Peak 
Day (F) 
Daily Electricity 
Use for the Peak 
Day (kWh/day) 
(DOE-2 Hourly 
data) 
Daily Electricity 
Use for the Peak 
Day (kWh/day) 
(IMT 3PC Model) 
Difference 
(DOE-2 Hourly  vs. 
IMT Monthly) 
1999 
Standard 
House 
Jul 29 85.2 65.74 64.44 1.98% 
IECC 
House Jul 29 85.2 56.78 56.34 0.76% 
Peak-day 
Savings   8.96 8.10 9.5% 
Table 6: Comparison of peak-day electricity savings from 2000 IECC for simulated vs. estimation using 
monthly utility billing data analyzed with ASHRAE’s IMT. 
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Part a 
1999 Standard House: 
Daily Elec.Use = 24.7609 + 1.9200 x 
                            (85.2 - 64.5360)+  = 64.44 
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Part b 
IECC House: 
Daily Elec.Use = 24.1879 + 1.7063 x  
                             (85.2 - 65.7680)+  = 56.34 
Figure 8: Estimation of peak-day electricity use 
from monthly utility billing data using 
ASHRAE’s IMT. 
kWh/day for the 1999 pre-code house, which 
was well matched by the monthly regression 
model that predicted 64.44 kWh/day (1.98% 
difference). In a similar fashion, the DOE-2 
simulation calculated an electricity use of 56.78 
kWh/day for the code-compliant house, which 
was also well matched by the monthly regression 
model that predicted 56.34 kWh/day (0.76% 
difference). The electricity savings predicted by 
the hourly DOE-2 simulation was 8.96 kWh/day, 
which was also well matched by the monthly 
regression that predicted 8.10 kWh/day (9.5% 
difference), which is acceptable considering that 
hourly data are not available for most existing 
buildings. Therefore, this method is being 
proposed for use in improving the peak-daily 
electricity savings from buildings that report 
their savings with utility billing data.  
 
SUMMARY 
 
This paper has presented a detailed 
discussion of the procedures that have been used 
to calculate the electricity savings and NOx 
reductions from residential construction in non-
attainment and affected counties. These 
procedures use the EPA’s eGRID database, as 
well as utility supplier data from the Texas PUC 
to translate county-wide electricity savings to 
power plant NOx reductions. A procedure has 
also been presented that extracts peak-daily 
electricity savings from monthly utility billing 
data, including a comparison of the method 
versus simulated peak-daily electricity savings 
for a house built to pre-code and code-compliant 
specifications. Results of the application of these 
procedures are reported in companion paper by 
Haberl et al. (2004). 
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